E3 ligase FIEL1 regulates fibrotic lung injury | Lear et al. S20 Figure S1 . Mapping study of FIEL1 and PIAS4 interaction. (A) Several point mutants of PIAS4 were designed and cloned into a pcDNA3.1D/V5-HIS vector. (B) Half-life study of WT, K31R, K35R, and K114R PIAS4 in MLE cells. (C) MLE cells were cotransfected with WT or PIAS4 lysine mutants with or without HA-Ubiquitin. Cells were then collected and immunoblotted. PIAS4 protein levels were quantified and graphed. Data represent mean values ± SEM (n = 3 independent experiments; NS, not significant; *, P < 0.05 compared with without HA-Ubiquitin, Student's t test). (D) Several deletional mutants of PIAS4 were designed and cloned into a pcDNA3.1D/V5-HIS vector. (E and F) FIEL1 protein was immunoprecipitated from cell lysates using a FIEL1 antibody and coupled to protein A/G beads. FIEL1 beads were then incubated with in vitro-synthesized products expressing HIS-V5-PIAS4 mutants. After washing, proteins were eluted and processed for V5-PIAS4 immunoblotting. (G) Half-life study of WT, Q21A, S14A, S18A, S18A/Q21A, and S14A/S18A PIAS4 in MLE cells. (H) MLE cells were cotransfected with WT or PIAS4 mutants with or without FIEL1. Cells were then collected and immunoblotted. (I) Several deletional mutants of FIEL1 were designed and cloned into a pcDNA3.1D/V5-HIS vector. (J-N and P) PIAS4 protein was immunoprecipitated from cell lysate using a PIAS4 antibody and coupled to protein A/G beads. PIAS4 beads were then incubated with in vitro-synthesized products expressing HIS-V5-FIEL1 mutants. After washing, proteins were eluted and processed for V5-FIEL1 immunoblotting. (O) MLE cells were transfected with WT or FIEL1 mutants. Cells were then collected and immunoblotted for PIAS4 protein. (Q) The cartoon illustrates the "double locking" molecular interplay between PIAS4 and FIEL1. Specifically, both the P779 and GSK3β phosphorylated T783 residues within FIEL1 are required for PIAS4 binding; both the Q21 and PKCζ phosphorylated S18 residues within PIAS4 are required for FIEL1 binding. (R) PIAS4 suppresses the TGFβ pathway, in part, by sumoylating SMAD3 and causing SMAD3 nuclear exportation. FIEL1 serves as a bona-fide E3 ligase and triggers the site-directed ubiquitination of PIAS4. TGFβ hijacks FIEL1 protein to ubiquitinate PIAS4 and promote fibrosis. PKCζ phosphorylates PIAS4 and regulates its stability. Moreover, GSK3β serves as another regulator of PIAS4 protein stability through the phosphorylation of FIEL1. A small molecule FIEL1 inhibitor, BC-1485, lowers tissue fibrosis by antagonizing the actions of FIEL1 on PIAS4-TGFβ signaling.
